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(54) [Title of the Invention] 

FORMATION METHOD OF SEMICONDUCTOR THIN FILM AND 
25 MANUFACTURING METHOD OF MOS TYPE TRANSISTOR 
(57) [Abstract] 
[Object] 

To provide a formation method of a semiconductor thin film from which 
hydrogen is not detached even by heat treatment such as activating annealing of 
30 source-drain regions and a manufacturing method of a MOS-typ e transistor. 
[Structure] 
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A formation method of a semiconductor thin film includes the steps of (i) 
forming a semiconductor thin film 12 for forming a channel region and source-drain 
regions of a transistor on an insulating substrate 10, and (ro) subjecting this 
semiconductor thin film 12 to heat treatment in a gas composed of nitrogen and 
5 hydrogen. One mode of a manufacturing method of a MOS-type transistor includes 
steps of (i) forming a semiconductor thin film for forming a channel region and 
source-drain regions of a transistor on an insulating substrate, (ro) subjecting this 
semiconductor thin film to heat treatment in a gas composed of nitrogen and hydrogen, 
and (ha) forming the channel region and the source-drain regions in this semiconductor 
10 thin film. 

[Scope of Claims] 
[claim 1] 

A formation method of a semiconductor thin film, comprising the steps of: 
(i) forming a semiconductor thin film for forming a channel region and 
1 5 source-drain regions of a transistor on an insulating substrate; and 

(ro) subjecting this semiconductor thin film to heat treatment in a gas 

composed of nitrogen and hydrogen. 

[claim 2] 

The formation method of a semiconductor thin film, according to claim 1, 
20 wherein the gas is NH 3 . 
[claim 3] 

The formation method of a semiconductor thin film, according to claim 1 or 
claim 2, wherein the semiconductor thin film formed on the insulating substrate is made 
to have a predetermined shape after the step (i) and before the step (ro). 
25 [claim 4] 

The formation method of a semiconductor thin film transistor, according to 
claim 3, wherein an oxide film or an interlayer insulating layer is formed on the 
insulating substrate before the step (i), and the oxide film or the interlayer insulating 
layer is subjected to pre-heat-treatment in a gas composed of nitrogen and hydrogen. 
30 [claim 5] 

A manufacturing method of a MOS-type transistor, comprising the steps of: 
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(i) forming a semiconductor thin film for forming a channel region and 
source-drain regions of a transistor on an insulating substrate; 

(ro) subjecting the semiconductor thin film to heat treatment in a gas composed 
of nitrogen and hydrogen; and 
5 (ha) forming the channel region and the source-drain regions in the 

semiconductor thin film, 
[claim 6] 

A manufacturing method of a MOS-type transistor, comprising the steps of: 
(i) forming a semiconductor thin film for forming a channel region and 
1 0 source-drain regions of a transistor on an insulating substrate; 

(ro) forming the channel region and the source-drain regions in the 
semiconductor thin film; and 

• (ha) subjecting the semiconductor thin film to heat treatment in a gas composed 
of nitrogen and hydrogen. 
15 [claim 7] 

The manufacturing method of a MOS-type transistor, according to claim 5 or 
claim 6, wherein the gas is NH 3 . 
[claim 8] 

The manufacturing method of a MOS-type transistor, according to claim 5, 
20 claim 6, or claim 7, wherein the semiconductor thin film formed on the insulating 
substrate is made to have a predetermined shape after the step (i) and before the step 
(ro). 

[Detailed Description of the Invention] 
[0001] • 

25 [Field of Industrial Application] 

The present invention relates to a formation method of a semiconductor thin 
film and a manufacturing method of a MOS-type transistor. Such a MOS-type 
transistor can be used as a pixel driving element or a peripheral element of a liquid 
crystal display device, or a load element of a load-element-type static random access 

30 memory (SRAM). 
[0002] 

[Conventional Art] 
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A stacked-type SRAM in which a thin film transistor (hereinafter, abbreviated 
to a TFT) using a thin film formed from polycrystalline silicon or amorphous silicon 
(hereinafter, also simply referred to as a semiconductor thin film) is used for a load 
element has been proposed. In addition, a TFT is used for a pixel driving element or a 
peripheral element of a liquid crystal display device. Generally, a polycrystalline 
silicon thin film is used for a TFT to which high performance in an on-current 
characteristic, a subthreshold characteristic, an on/off current ratio, or the like is 
required. 
[0003] 

Incidentally, dangling bonds of silicon atoms exist in a semiconductor thin film 
at a higher density than in a single crystal silicon film and these cause leakage current at 
the time when a TFT is off and also cause reduction in an operation speed at that time 
when the TFT is on. Accordingly, reduction in the density of dangling bonds of 
silicon atoms is an important object in order to improve characteristics of a TFT. 
[0004] 

Generally, treatment called hydrogenation is performed in order to reduce 
dangling bonds of silicon atoms in a semiconductor thin film. This hydrogenation 
treatment is treatment by which hydrogen is combined with a dangling bond of a silicon 
atom by hydrogen doping. In particular, while a silicon-based gas including hydrogen 
(for example, SiH 4 , Si 2 H, or the like) is decomposed in plasma and a thin film formed 
from polycrystalline silicon or amorphous silicon is deposited, hydrogen is introduced 
into the thin film. 
[0005] 

[Problem to be solved by the Invention] 

A hydrogen atom introduced into the semiconductor thin film is easily 
detached from a silicon atom even by annealing at a low temperature of approximately 
400 °C. Therefore, the hydrogen atom combined with the dangling bond of the silicon 
atom is easily detached from the silicon atom in a variety of heat treatments performed 
after the hydrogenation treatment, for example, in an activating annealing of 
source-drain regions, by which resistance of source-drain regions is reduced to improve 
current driving capability. As a result, there is a problem in that characteristics of the 
TFT are greatly reduced. 
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[0006] 

In order to counter the problem, a method can be considered in which time for 
the activating annealing of the source-drain regions is shortened so that the amount of 
hydrogen to be detached is reduced; however, since diffusion rate of hydrogen in silicon 
5 is high, it is difficult to reduce the amount of hydrogen to be detached and reduction in 
the characteristics of the TFT cannot be effectively suppressed. 
[0007] 

In addition, a method can be considered in which a silicon nitride film which 
suppresses diffusion of hydrogen is formed on a surface of the semiconductor thin film 
10 to prevent detachment of hydrogen; however, there is a problem in that in the case 
where an exposed semiconductor thin film region that is a surface of the semiconductor 
thin film on which the silicon nitride film is not formed exists, hydrogen is detached 
through the region. 
[0008] 

15 Therefore, a first object of the present invention is to provide a formation 

method of a semiconductor thin film from which hydrogen is not detached even by heat 
treatment such as activating annealing of source-drain regions. 
[0009] 

In addition, a second object of the present invention is to provide a 
20 manufacturing method of a MOS-type transistor, including the formation method of a 
semiconductor thin film from which hydrogen is not detached even by heat treatment 
such as activating annealing of source-drain regions. 
[0010] 

[Means for Solving the Problem] 

25 In order to achieve the above first object, the formation method of a 

semiconductor thin film of the present invention includes the steps of (i) forming a 
semiconductor thin film for forming a channel region and source-drain regions of a 
transistor on an insulating substrate; and (ro) subjecting this semiconductor thin film to 
heat treatment in a gas composed of nitrogen and hydrogen. 

30 [0011] 
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The semiconductor thin film is formed from polycrystalline silicon or 
amorphous silicon. The heat treatment is preferably performed in a condition of 480 ~ 
1050 °C for 5 ~ 10 seconds. 
[0012] 

5 In the formation method of a semiconductor thin film of the present invention, 

the gas is preferably NH 3 or ammonia vapor. In addition, after the step (i) and before 
the step (ro), a step in which the semiconductor thin film formed on the insulating 
substrate is patterned to have a predetermined shape can be included. Further, before 
the step (i), a step in which an oxide film or an interlayer insulating layer is formed on 
10 the insulating substrate and the oxide film or the interlayer insulating layer is subjected 
to pre-heat-treatment in a gas composed of nitrogen and hydrogen can be included. 
[0013] 

In order to achieve the above second object, a first mode of the manufacturing 
method' of a MOS-type transistor of the present invention includes the steps of (i) 
15 forming a semiconductor thin film for forming a channel region and source-drain 
regions of a transistor on an insulating substrate, (ro) subjecting this semiconductor thin 
film to heat treatment in a gas composed of nitrogen and hydrogen, and (ha) forming the 
channel region and the source-drain regions in the semiconductor thin film. 
[0014] 

20 In addition, in order to achieve the above second object, a second mode of the 

manufacturing method of a MOS-type transistor of the present invention includes the 
steps of (i) forming a semiconductor thin film for forming a channel region and 
source-drain regions of a transistor on an insulating substrate, (ro) forming the channel 
region and the source-drain regions in the semiconductor thin film, and (ha) subjecting 

25 this semiconductor thin film to heat treatment in a gas composed of nitrogen and 
hydrogen. 
[0015] 

In the first or second mode of the manufacturing method of a MOS-type 
transistor of the present invention, the gas is preferably NH 3 . In addition, after the step 
30 (i) and before the step (ro), a step in which the semiconductor thin film formed on the 
insulating substrate is patterned to have a predetermined shape can be included. 
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[0016] 

The semiconductor thin film is formed from polycrystalline silicon or 
amorphous silicon. The heat treatment is preferably performed in a condition of 480 ~ 
1050 °C for 5-10 seconds. 
5 [0017] 

As a MOS-type transistor, a pixel driving element or a peripheral element of a 
liquid crystal display device, a load-element-type SRAM, or a so-called MOS transistor 
can be exemplified. 
[0018] 
10 [Action] 

The reasons why hydrogen is detached from the semiconductor thin film when 
activating annealing or the like is performed on the semiconductor thin film including 
hydrogen are that hydrogen in the silicon has a large diffusion coefficient even at a low 
temperature and that a hydrogen concentration in an atmosphere in the activating 
1 5 annealing is lower than a hydrogen concentration in the silicon. 
[0019] 

On the other hand, it is known that the hydrogen in silicon nitride has a smaller 
diffusion coefficient than hydrogen in silicon. 
[0020] 

20 In the formation method of the semiconductor thin film or the manufacturing 

method of a MOS-type transistor of the present invention, the semiconductor thin film 
is subjected to heat treatment in a gas composed of nitrogen and hydrogen. As a result, 
a nitride film is formed on a surface of the semiconductor thin film and further, 
hydrogen is supplied from the gas used in the treatment to the semiconductor thin film. 

25 Moreover, a hydrogen concentration in an atmosphere at the time of the heat treatment 
is higher than the hydrogen concentration in the silicon. Accordingly, detachment of 
hydrogen from the semiconductor thin film can be suppressed quite effectively. 
[0021] 

[Embodiment] 

30 Hereinafter, the present invention is described on the basis of embodiments 

with reference to the drawings. Note that the drawings are typical part-cross-sectional 
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views for describing the formation method of a semiconductor thin film and the 

manufacturing method of a MOS-type transistor. 

[0022] 

(Embodiment- 1) 

5 Embodiment- 1 describes an example in which first modes of the formation 

method of a semiconductor thin film and the manufacturing method of a MOS-type 
transistor of the present invention are applied to manufacturing of a top-gate-type 
p-channel thin film* transistor. Embodiment- 1 is described below with reference to 
FIGS. 1. 
10 [0023] - 
[Step- 100] 

First, a semiconductor thin film 12 with a thickness of approximately 40 nm 
formed from amorphous silicon or polycrystalline silicon is deposited by a conventional 
CVD method on the entire surface of an insulating substrate 10 formed from quartz (see 
15 FIG. 1 (A)). Note that in this semiconductor thin film 12, a channel region and 
source-drain regions are formed in a later step. 
[0024] 
[Step-110] 

The semiconductor thin film 12 is patterned by photolithography technique and 
20 vapor phase etching technique to have a predetermined shape (see FIG. 1(B)). 
[0025] • 
[Step- 120] 

Next, the semiconductor thin film 12 is subjected to heat treatment in a gas 
composed of nitrogen and hydrogen (for example an NH 3 gas). The conditions of the 
25 heat treatment can be set as follows: 

NH 3 flow rate: 1 liter ~ 3 liters / minute; 
temperature: 480 °C ~ 1050 °C; and 
time: 10 seconds. 

Through this treatment, a silicon nitride film 14 is formed on the surface including a 
30 side surface of the semiconductor thin film 12 (see FIG. 1(C). In this step, hydrogen is 
included in the semiconductor thin film 12. In other words, so-called hydrogen doping 
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is performed and therefore a dangling bond of silicon in the semiconductor thin film is 
combined with hydrogen. Moreover, since the silicon nitride film 14 is formed, 
detachment of a hydrogen atom from a silicon atom can be effectively suppressed when 
activating annealing is performed in a later step. In addition, since the silicon nitride 
5 film 14 is formed on the side surface of the semiconductor thin film 12, detachment of 
hydrogen from the side surface of the semiconductor thin film 12 can be effectively 
suppressed when the activating annealing is performed in the later step. 
[0026] 
[Step- 130] 

10 • After that, a gate oxide film 16 formed from Si0 2 with a thickness of 30 nm is 

deposited on the semiconductor thin film 12, and further, an amorphous silicon layer or 
a polycrystalline silicon layer is deposited to a thickness of 100 nm on the gate oxide 
film 16. By a photolithography method or a vapor phase etching method, the 
amorphous silicon layer or the polycrystalline silicon layer is patterned to form a gate 

1 5 electrode 1 8 (see FIG. 1 (D)). 
[0027] 
[Step 140] 

Then, ion implantation is performed using a resist mask, whereby source-drain 
regions 20 are formed in the semiconductor thin film 12. The conditions of the ion 
20 implantation can be set as follows: 
■ ion species: B ion; 
implantation energy: 10 keV; and 
dosage: 3xl0 15 /cm 2 , 

25 ion species: BF 2 ion; 

implantation energy: 35 keV; and 
dosage: 3xl0 ls /cm 2 . 
Through this implantation, a channel region is formed. 
[0028] 
30 [Step-150] 
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Next, activating annealing of the source-drain regions 20 is performed using, 
for example, an electric furnace. The conditions of the activating annealing can be set, 
for example, to: 

a temperature: 900 °C; and 
5 time: 20 minutes. 

Alternatively, activating annealing of approximately 1 100 °C x 10 seconds by an RTA 

(rapid thermal annealing) method can be employed. 

[0029] 

Since the silicon nitride film 14 is formed on the surface including the side 
10 surface of the semiconductor thin film 12, detachment of hydrogen from the 
semiconductor thin film 12 by the activating annealing can be effectively suppressed. 
[0030] 
[Step- 160] 

After that, as an interlayer insulating layer 22, a Si 3 N 4 layer and a PSG layer 
15 are formed to thicknesses of 100 nm and 150 nm to 200 ran, respectively on the entire 
surface. An opening portion is formed in the interlayer insulating layer 22 by an RIE 
method. A metal wiring material is formed on the opening portion and the interlayer 
insulating layer 22 by a sputtering method. Then, the metal wiring material is 
patterned to form a wiring layer 24 (see FIG. 1(E)). In this manner, a MOS-type 
20 transistor formed of a top-gate-type thin film p-channel transistor is completed. Note 
that in FIG. 1 (E), the silicon nitride film 14 is not illustrated. 
[0031] ' 

(Embodiment-2) 

Embodiment-2 describes an example in which second modes of the formation 
25 method of a semiconductor thin film and the manufacturing method of a MOS-type 

transistor of the present invention are applied to manufacturing of a bottom-gate-type 

p-channel thin film transistor. Embodiment-2 is described below with reference to 

FIG. 2 and FIG. 3. 

[0032] 
30 [Step-200] 
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A semiconductor thin film is formed on an insulating substrate 10. For this, 
first, an amorphous silicon layer or a polycrystalline silicon layer is deposited, on the 
basis of a conventional method, to a thickness of 100 nm on the insulating substrate 10 
formed from quartz, and a gate electrode 18 is formed by photolithography technique 
5 and vapor phase etching technique. Next, a gate oxide film 16 formed from Si0 2 is 
deposited to a thickness of 30 nm on the entire surface by a general method. In this 
manner, a structure illustrated in a typical part-cross-sectional view of FIG. 2(A) can be 
obtained. 
[0033] ■ 
10 [Step-210] 

Next, the gate oxide film 16 (an oxide film) is subjected to pre-heat-treatment 
in a gas composed of nitrogen and hydrogen (for example, an NH 3 gas) (see FIG. 2(B)). 
The conditions of the pre-heat-treatment can be set as follows: 

NH 3 flow rate: 1 liter ~ 3 liters/minute; 
15 temperature: 480 °C~ 1050 °C; and 

time: 10 seconds. 

Through this treatment, a silicon nitride film 14A is formed on a surface of the oxide 
film, and detachment of hydrogen through the oxide film can be effectively suppressed 
when the semiconductor thin film is subjected to heat treatment in a later step. 
20 [0034] 

[Step-220] 

Next, a semiconductor thin film 12 formed from amorphous silicon or 
polycrystalline silicon is deposited on the entire surface by a conventional CVD method 
(see FIG. 2(C)). For example, the thickness of the semiconductor thin film 12 is set to 
25 40 nm. Note that a channel region and source-drain regions are formed in this 
semiconductor thin film 12 in a later step. 
[0035] 
[Step-230] 

The semiconductor thin film 12 is patterned by photolithography technique and 
30 vapor phase etching technique to have a predetermined shape (see FIG. 2(D)). 
[0036] ' 
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Then, ion implantation is performed using a resist mask, whereby source-drain 
regions 20 are formed in the semiconductor thin film 12 and the channel region is 
formed. The conditions of the ion implantation can be the same as those of 
Embodiment- 1. 
5 [0037] 
[Step-250] 

Next, the semiconductor thin film 12 is subjected to heat treatment in a gas 
composed of nitrogen and hydrogen (for example an NH 3 gas). The conditions of the 
heat treatment can be set as follows. Note that this heat treatment also serves as 
1 0 activating annealing of the source-drain regions. 

NH 3 flow rate: 1 liter ~ 3 liters / minute; 

temperature: 480 °C ~ 1050 °C; and 

time: 10 seconds 

Through this treatment, a silicon nitride film 14 is formed on the surface including a 
15 side surface of the semiconductor thin film 12 (see FIG. 3(A)). In this step, hydrogen 
is included in the semiconductor thin film 12. In other words, so-called hydrogen 
doping is performed and therefore a dangling bond of silicon in the semiconductor thin 
film is combined with hydrogen. Moreover, since the silicon nitride film 14 is formed, 
detachment of a hydrogen atom from a silicon atom can be effectively suppressed in this 
20 heat treatment that also serves as the activating annealing of the source-drain regions. 
[0038] 

In addition, since the silicon nitride film 14 is formed on the side surface of the 
semiconductor thin film 12, detachment of hydrogen from the side surface of the 
semiconductor thin film 12 by this heat treatment can be effectively suppressed. 
25 [0039] 

[Step-260] 

After that, an interlayer insulating layer 22 is formed and further a wiring layer 
24 is formed (see FIG. 3(B)). In this manner, a MOS-type transistor formed of a 
top-gate-type thin film p-channel transistor is completed. Note that in FIG. 3(B), the 
30 silicon nitride films 14 and 14A is not illustrated. 
[0040] 
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As described above, the present invention is described on the basis of the 
preferred embodiments; however, the present invention is not limited to these 
embodiments. A variety of numeric values, conditions, structures of a transistor, and 
the like which are described in above embodiments are examples and can be changed as 
5 appropriate. Although the above embodiments are described using the insulating 
substrate formed of quartz as an example, a combination of a silicon substrate and an 
oxide film formed from Si0 2 , a glass substrate, or an insulating base material formed in 
such a manner that elements such as a transistor and a capacitor are formed on a silicon 
substrate and then an interlayer insulating layer of Si 3 N 4 , Si0 2 , PSG, or the like is 
1 0 formed thereover can be used. 
[0041] 

For example, in Embodiment- 1, the semiconductor thin film 12 is formed on 
the insulating substrate 10. However, in some cases, a SiN film can be formed on the 
insulating substrate by a plasma CVD method or the like and the semiconductor thin 
15 film 12 can be formed thereover. Alternatively, in the case where the insulating 
substrate is formed of an oxide film or an interlayer insulating layer, the 
pre-heat-treatment described in Embodiment-2 is preferably performed on the oxide 
film or the interlayer insulating layer. 
[0042] 

20 Further, for example in Embodiment-2, the pre-heat-treatment is performed on 

the oxide film of the insulating substrate; instead, a SiN film may be formed on a 
surface of the oxide film or the like by a plasma CVD method or the like. 
[0043] 

. In addition, in Embodiment-1 and Embodiment-2, the semiconductor thin film 
25 is formed by depositing amorphous silicon or polycrystalline silicon. Alternatively, 
the semiconductor thin film formed of polycrystalline silicon can be formed in such a 
manner that the amorphous silicon layer is deposited on the insulating substrate and 
then a crystal grain is grown by a solid-phase growth method in which heat treatment is 
performed at a temperature of 550 ~ 800 °C for 0.5 ~ 20 hours. 
30 [0044] 

Instead of formation of the amorphous silicon layer, the polycrystalline silicon 
layer is formed on the entire surface by a CVD method or the like, and then the 
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polycrystalline silicon layer is changed to the amorphous silicon layer by implantation 
of Si ions into the polycrystalline silicon layer, so that the amorphous silicon layer is 
formed on the entire surface. Then, a crystal grain is grown from the amorphous 
silicon layer by the above-described solid-phase growth method, so that the 
5 semiconductor thin film formed from polycrystalline silicon can be formed. In this 
case, as the conditions of the ion implantation, the following conditions can be 
exemplified: 

• implantation energy: 40 keV; 
dosage: lxl0 13 /cm 2 ; and 
10 ion species: Si. 

[0045] 

In addition, it is possible that a nucleus which is to be a seed of growth of the 
crystal grain is formed in the amorphous silicon layer and the crystal grain is grown 
form the seed by a solid-phase growth method. For example, as illustrated in FIG. 

15 4(A), after a polycrystalline silicon layer 30 is formed, silicon ions are implanted with a 
low dosage and then a resist mask 32 is formed on the polycrystalline silicon layer 30. 
Then, as illustrated in FIG. 4(B), ion implantation with a high dosage is performed on 
the polycrystalline silicon layer which is not covered with the resist mask 32. 
Accordingly, the polycrystalline silicon layer which is not covered with the resist mask 

20 is made amorphous (see FIG. 4(C)). This region is denoted by 34 in FIG. 4(C). Then, 
by using the polycrystalline silicon layer 30 which is covered with the resist mask as a 
nucleus, the semiconductor thin film formed from polycrystalline silicon is formed by a 
solid-phase growth method. Alternatively, as illustrated in FIG. 5, it is possible that a 
light-blocking mask 32 is formed on the amorphous silicon layer 30 by a lithography 

25 method and the amorphous silicon layer 30 is irradiated with excimer laser light using 
the light-blocking mask 32, so that a nucleus 36 is formed. 
[0046] 

As a MOS-type transistor, in addition to the top-gate-type or the 
bottom-gate-type thin film p-channel transistor, a top-gate-type thin film n-channel 
30 transistor, a bottom-gate-type thin film n-channel transistor, or the like can be 
exemplified. In addition, for example, the formation method of a semiconductor thin 
film of the present invention can also be applied to a so-called XMOS-type transistor in 
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which gate electrodes are formed above and below a channel region. Then, these 
transistors can be used for pixel driving elements or peripheral elements of a liquid 
crystal display device, or load elements of a load-element-type SRAM. 
[0047] 

5 [Effect of the Invention] 

According to the formation method of a semiconductor thin film of the present 
invention, a semiconductor thin film is subjected to heat treatment in a gas composed of 
nitrogen and hydrogen. Accordingly, hydrogen can be introduced into the 
semiconductor thin film. In addition, a nitride film can be formed on a surface of the 

10 semiconductor thin film. Moreover, since the atmosphere of the heat treatment is rich 
in hydrogen, detachment of hydrogen from the semiconductor thin film can be 
suppressed effectively. Further, according to the manufacturing method of a 
MOS-type transistor of the present invention, a temperature of activating annealing of 
source-drain regions can be increased and driving speed, a rising characteristic, and a 

15 leakage current characteristic of the transistor can be improved. Still further, in the 
case where a load element of a SRAM is manufactured on the basis of the 
manufacturing method of the present invention, low consumption current can be 
achieved. Moreover, an a-ray characteristic is improved and reliability of the element 
can be increased. 

20 [Brief Description of the Drawings] 

[FIG. 1] are typical part-cross-sectional views of a transistor element for describing 
steps of Embodiment- 1. 

[FIG. 2] are typical part-cross-sectional views of a transistor element for describing 
steps of Embodiment-2. 
25 [FIG. 3] are typical part-cross-sectional views of a transistor element for describing 
steps of Embodiment-2, subsequent to FIG. 2. 

[FIG. 4] are views for describing an example of a formation method of a semiconductor 
thin film. 

[FIG. 5] are views for describing an example of a formation method of a semiconductor 
30 thin film, which is different from FIG. 4. 
[Explanation of Reference] 
1 0 insulating substrate 
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12 semiconductor thin film 

14 silicon nitride film 

16 gate oxide film 

1 8 gate electrode 

5 20 source-drain regions 

22 interlayer insulating layer 

24 wiring layer 


16/16 


Family list 

1 applioation(s) for: JP6177155 


FORMATION OF SEMICONDUCTOR THIN FILM AND 
FABRICATION OF MOS TRANSISTOR 

Inventor: TSUKAMOTO HIRONORI Applicant: SONY CORP 

EC: IPC: H01L21/20;H01L21/324;H01L21/336;{+8) 

Publication JP61 771 55 (A) - 1 994-06-24 Priority Date: 1 992-1 2-08 


Data supplied from the espacenet database — Worldwide 


FORMATION OF SEMICONDUCTOR THIN FILM AND FABRICATION OF 
MOS TRANSISTOR 


Publication number: JP61 77155 (A) 
Publication date: 1994-06-24 
Inventor(s): TSUKAMOTO HIRONORI + 

Applicant(s): SONY CORP + 

Classification: 

- international: H01L21/20; H01L21/324; H01L21/336; H01L29/78; H01L29/786; H01 L21/02; 

H01L29/66; (IPC1-7): H01L21/336; H01L21/20; H01L21/324; H01L29/784 


Application number: JP1 9920351438 19921208 
Priority number(s): JP19920351438 19921208 


Abstract of JP 6177155 (A) 

PURPOSETo prevent desorption of hydrogen even 
when a source-drain region is subjected to heat 
treatment, e.g. activation annealing. 
CONSTITUTION:The method of forming a 
semiconductor thin film comprises a step for forming 
a semiconductor thin film 1 2 required for formation 
of a channel region and a source-drain region of a 
transistor on an insulating substrate 10, and a step 
for subjecting the semiconductor thin film 12 to heat 
treatment in a gas composed of nitrogen and 
hydrogen. One fabrication mode of MOS transistor 
comprises a step for forming a semiconductor thin 
film required for formation of a channel region and a 
source-drain region of a transistor on an insulating 
substrate, a step for subjecting the semiconductor 
thin film to heat treatment in a gas composed of 
nitrogen and hydrogen, and a step for forming a 
channel region and a source-drain region on the 
semiconductor thin film. 
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SK«p B pJIIE*p B aJII BTi 7 #35^ 

(74)«sa #a± iii* *a 


(57) [Bft] 

»©^<**Rl 2 SriSfigifflR 1 OiCMtilg 

i. (b) zm^mwmmi 2 



(d) K^iSfrifKia^&U-'Tk^^a-ti-S^^f 
& f* 5 r i £$M8 £ 1- 5 

[W*12] BUIE*"^t4, NH,-e$)5ri:S:!|#W:t-f 

[«*53] Sffte Of) »igo|-eJb-3T (n) rox 

«Ct5: i i1-5M*S 1 Xi4§»*« 2 t!2 

[ff*il4] Hiffi Of) roxerosfic, ftittSi^K 
<tSK&5v^SJIM»&BtBSr^L-> $E®tft:ll£*-5VM4g 
RBI6M Sr mm&Vym Srfifaft i -T5 * 
m-f 5 r 1 t -T5 ft**! 3 tcia*ro*#ftS*i8l<s> 

[W*il6] (-f ) h 7 Vi^?ro7^^«.S.Vy 
>-«**J5g-t-5XSt, 

-c-fsaa+sia, 

affiles r t t t5MO s ffi F- 9 v v=x * 

[ft** 8] «IB (f) »XS»i£T*fcoT (n) (51 

®«t1"2>r £»«iTJ-2>tf*I5, W**H6, XI4 
St*JjC 7 (-|e««mo s a h 7 y -^x * 

[0 0 0 1] 

[jS»±WfW»9?] #SSW4, **ft«R<»JfM*i£ 

Sir L < liJSia*^ XlitSiTSo^ * rr/??^ 
AT?-fexy-*y (S RAM) <t LTfflV^3 


[0 0 0 2] 

[«»M] EISA's V 3>fc5VM4T*^7r^« 
5) SrfflWcMshy^x* (BT, TFTilSt) 
Sfc, TFTIt SfijS^SSfflKggMW^fcSVSl 

StiSTFTtjav^Tii, ait, #fe B H B->y =">*M« S 
[0003] t:w, ^WfttHSttci** *fe'ft->y 
l, -eti,bi4STFT»^-7B#ctj(t5y-^a»£i8tro 

3fcft!'t4, ->y 3>-g^-iW*S-S-^«;SS-fi<-!|-5- 
[0 0 0 4] *m»»SSl<¥<n-») =>>m?a&%&¥* 
rw7k»ft#iat4, 7K* K-fy«aot->!)^yS 

T-o*e-&#t7K**e^**6*aaT-fc5„ j^jw* 

ftl*(4, **Sr-&tf->!) 3^*^ (MxitfS iH,, 
Si 2 H 6 «?) ^7-7Xvff7)SLT#g| a ->!J3yJ5 

[0 0 0 5] 

fc**Jf^-i44 o o' caseroeiar=-/K;*5v^Tfc 
ft«T $ *t msfclMfttg^ & [fi] ± * * 5 7t ft « y - x 

^ i fe-a- Lxv^ 57k*s^-i4-> y => ye^ a» 

?,SStK«LTLS3. TFToSttiif 
[0006] rcoMJBt^-j-sfcftf'y-^ • kw 

7K*co4£»aa* 5 -^Wcft, 7X*cO«*S-ffi)«*li:5 
r i (4B|tT*fc <9 , T F T »WttfiT&a*«t»ffiiJ-t 

[0 0 0 7] £fc. ^JSroffiifcSraHfiiJI-SSft^y^y 

ft v- y ^ >RAv^£ftTV>/«t^|gttj Lfc¥*#«K* 
«iS#ftLTV>5«-g-> ^^5«SraL-C7K*^IS« 

[o o o s] se-oT, *?gsj!«*i»iwi4, y-x • 


*5. 

[0009] It, ^mnrnzmsmt, y—x ■ K 
> 9 <Dftsi3j& zmm-f 5 r £ t & 5 „ 

[0010] 

a^t-eMS-taxa. 
[ooii] ^sifrawti, #g B B B ->y = >• fos^ii* 

eS'>!J3^>W5. itWaSli, 4 8 0- 1 0 5 0* 

[0012] &&mv>¥m#wi&<z>Bi&%mz.tsi<*x 

5rtW4LV\ MfE (-O (OlScftffco 

t (a) nxmnm^ tms^±cm&iMt^m» 
MmzmMmmi^f-- y^-r s xssr-g-s-frs r 

iz>ST-;?5„ It, BfllE M) roxgrotiit, «jf£ffi 
±fcK«fo 5 1- MiJf FbIMJI S*j* U C wWfc 

[0 0 13] *3gBJ©M0SgSh7>--^;^»ft:»i£ 
»ISl»fi«l4, ±E»^2co'S6f)Sr«jS1-5/c*t, 

t5iii, (b) r©^*i»ttSr**XO'7K**fi8; 
[0014] at, *«gr!toMosffl s?>-^^(Dff£ 

2 ©Mitt, ±|EW'S2«SWS:»fig-t-5fc 
tfMi"-5xet, (a) rw^WfrlffllC^-^/Mii 

«£o ! y-y ■ Kw^swsstsiet, m 

[0 0 15] «WMOSib 5 yi>y ?«ffS»ffi 
»BlX14S2»Wt*5V^ril, imffi#y|4, NH, 

feoT (p) £0XS»Bfl!-, «»S«±C«^jXfc¥ 
^SlI^EFf^ro^C/^-^v^-fSXSSr-g-S-a: 

[0016] ¥*#sS«ii, iMSae-vy =>y&5v^i±# 

iftifa-vy =i>-7i»bfi)J5o a*a(4, 4 8 0 — 1 0 5 0' 
C, 5-1 0®<D<£i$-C'ft9Z t^aSLV^ 


[0 0 17] MOSSh7^?tU, 
BOBSfSMi!?** L < ItJSia*^ XIIAWX-T-Sw S 
RAM, fe5VM40f!SMOS h 7 ^i*** &0!l^5 - 

[0 0 18] 

[ffffl] 7K^&-aA,e^#(**«l(*?swtr=-7maa 
T, ->y 3y4K»7K*^ftSt*3V^Tt7c^/iKS5:#-» 

[ooi9] mt<s y = y^o7j<*»tts«i4 

-yy 3y43(D7K»»E««J; n fc/h^v^r i/5S*a6.ft 

[0 0 2 0] *^f«ffli|i«#«f)«»jr?fifc*»fe5V^4M 

*2*&t>*7k**fi!e77-£-f stf^t-eaw-ai-a,, 
t±, ftaaiiscfflv^ <bti5 6>tK**s**#»ssi- 

B#©#H«ffl7K««aw*'i55^ v ^ ;wa,T, 
»:W^fero7K»K)Mii?rt£feTa*Wt»$iJi-5 r t 

[0 0 2 1 ] 

[MM] «T. Sffi*#.f«LT, *^«J6«;:g 

-s^swh-s. laaia, ^MMMSKrojrMxa&u* 

mo s s h 7 y -y* 9 »#ts*s;&is 951-5 fc*»gjs; 

[0022] (»«- 1 ) mmm- 1 

si>*mo s s h 7 y ~y* # mm 
*-fe©«i»B«&, b-y7?-hmvm»mh7yy 

1 

[0 0 2 3] [ia-1 0 0] ft-f, 5»^fi)c5l&,tl 
£«1 0<D±K^mK, ^SiK-yy =iyfc5VM4#ieifB 

5t5©CVDft-e±lfflS-a:5 (Biro (A) #flg) o 
;o*»iH 2ic, ^©xa-eef-t^^WisERWy 

[0 0 2 4] [IS- 1 1 0] Jfefc, 7* h y Vf77 

-fSiXW^yfyWiao-c, fSMKi 
2^f-=y?Lt, Bif^w^wt-ra Bib 

(B) 0 

[0 0 2 5] [XS-1 2 0] i^TJ, ^Wf*»JSl 2 

*^*ao<7K*^E!<;^ti-4#y »jitfNH/A) 
^^ffia-t-So *s«a©A#*, Wx.tf«T»t^t) 

NH,Si : l~3y^h7W/£- 
eft : 4 80-1 05 0" C 

f^m : 10# 


->^Vll4»^flS (01 CO (C) #BB) „ r 

s)lgl;»>T, 7K«iS**#»ISi 2tC#&4. 
K i 2 »«ffiA>ib*»^«fiii-5 r i 4»W !-»«-*- 

[0 0 2 6] [IS-1 3 0] «*«H 2 

»±I^SS 3 0 nmCDS i 0 2 A> bfiKS^*— h^-ftSf 1 

•> y >-SX(*#ii*ifB •>- y 3 >-H £<<^ -= v if 
tT, 7"-htai 8Sr»fiK-f-5 (HI© (D) # 
BB) . 

[0 0 2 7] [Ii-14 0]^LT, 1-^1-77? 
^flJfflLT, -I'si-V&AfcffVV ¥«*«12fcy- 

gA^vl^*— : 10 k e V 
K-X* : 3X10'Vcm ! 

SEA^/l/if- : 3 5 k e V 
K-X* : 3X10 1S /cm' 

[0 0 2 8] [IS- 1 5 0] W^li, 
fflV^Ty-X- KW^ttUOcOffittftT^-^fl 

SI : 9 0 0" C 
B#r»1 : 20}) 

if5riiST-tS 0 fcSWJX, RTA (Rapid Ther 
raal Annealing) ftlJLT, 110 0° CXI 0S>fgfi» 

[0 0 2 9] ±Nf**ll!l 2»fllffi&^tfaBtl4»b 

->y =>v«i 4;(WKj*iS:ftT^5»-e. att<tr=-^ 
t±o-c, JMMMWgi 2^a^**^J!i«i-6ri* 

[0 0 3 0] [Xg- 1 6 0] HfBBQicJf 2 2 

t UTS i 3 N 4 Ji£ 1 0 0 nm, PSGJf&150~2 

0 0nmiICi«5t !Smmm2 2KPPg|5£R 

1 ESttijSL, ^5BfiP3at>*)iiiB«;#ji2 2 Ji 

«W£^- = ^LTgfl»f 2 4 (0 1 


to (e) #bb.) „ rjtx, h->7V-hiki*J«P^h 
7 v "y x ^ t5 >t> J* 5 M O S m b 7 v 'y x ? £ SJsJt £ * 
5. ft, Hi co (e) c*3^t, at->y =yRl 4 CO 

[0 0 3 1] 2) MfiM- 2 (4, *^BJC0^ 

i;»CO* 2 CD»«fr, iSfA^- Hpi«f7^ 
x^coMittilfflLfcUiJT'fe?), JUT, 0 2ftlM2l33r 

#m utjswi- 2 zmw-tz* 

[0 0 3 2] [Ig-2 0 0] KSKlOil:, « 

MffilOWltc, «co*ffi(cS^^, = 

ymxn^M>-yj ^ymzmz 1 o o nmw**, 

-ry-hSSl 8*»filc1-5„ 9cfi, tits i o 2 a> 
(b/£57*-f-g£«l 6£, a«£0*)SI'T, #£3 0 
nmita§*5 0 :HT, EI2CD (A) K^Sttft- 

[0 0 3 3] [Ig-2 1 0] ^-hSSftfflll 
6 (gHtiffi ^rS^RtX7K*«»ii- J 5*'^ 
NH 3 #X) tT-T-liSftM-t-a (0 2 » (B) # 
m) o ^«»»StO*#S:, «x_lffiTC0t*Ji9 

NH,« : l~3!)-7f*/7) 

fig : 480~1050"C 

mm : 1 0 9> 

IhCioT, WtlgcoSBCMft->y 3^81 4 Ad* 

ffM^n, ftcoxscfc-^T, ^j»#«)»&«*aaLfc 
[0034] [is- 220] ^Bi;w B B B K-> y 

n^foSMi^fi-yy =>y^?,)*5^fti*JI 1 2 
4r, t£S©CVDi£T-*MI£-lt6 (0 2 CO (C) # 
!S) „ ^*(*fKl 2C0J¥$*. flitf4 0nmit 

[0 0 3 5] [It-2 3 0] Rt, 7i-h!)yj'77 

2*^^-=x^ur, m&mmt-ti) (02© 

(D) ».) „ 

[0 0 3 6] [XS-2 4 0] -tLT, V'yT. (.vy? 

^fijfflLT, ^'^>iiA&^tv^, ^#«jgi zi-y- 
x- >fiB*2 o*Jg^U flHfT, f+*;H« 
t»j*-T5 0 ^3ir>aAco^#S:, ^JSfisj- 1 t lsl«co 

[0 0 3 7] [IS-2 5 0] «*«12 

^T**i»ai-5„ «S»acO*#fr, t?i|x.B"]y.Tc0i:*3tl 

t-tsct^-e^s. y-x • 

-< ^«^«c^)Sttfcr=-/^**^3TV^?,„ 


fift : 4 80-1 0 5 0" C 

mm : 1 0# 

ft->y=yI14MJ}l5 (03O (A) o 
5, BP*.. BfK**K-f^^fi=t>n, wftltJ;-o 

-x • Ku-<>«roffittftT=-/^*iafcrroSS*!i 

aitts^-c, ->y nyjj5>^75^«7k»iST-»K«^Si* 
[0 0 3 8] ifc, 2»«attfc»t;->y 

a^Kl 4^JfM£*l5roT\ i CDj&fflSIt £. ot, ¥ 

[0 0 3 9] [IS- 2 6 0] SPp i 1»S2 2 

£»j£U Hit, BBSS 2 4 ZMfc-fi, M30 (B) 

#.bb.) „ ;ju, hyT'y-hasKpah?^^ 
?^j&5Mos3^7>"yx*£56/*£*5„ ffi, m 

3« (B) tt&^T, f«14, 14A»H*Sr«K 
Lfc 0 

[0 0 4 0] K±, #3B9?£*J3; U^H*«tS^iS 
WVtHK #38Wlirftfe»*«MltPfi££;ft3t>©^ 
I2ftv\ **«T-tfti^ Lfc«-aroW(, 

x^»«^m#J^T-,fot), atHtj;t#T^ 
->y =j>sffii s i o 2 75>e>*5Wt)«©»^-g-fc 

-Br, fc5vli#7XS«, Sit, ->y =>>-K$U;|t 1-5 
>^x^^/<-y^ro*^£ff:5j*Lfcgc, *»±it 

Si,N ( , SiO,, PSG^OlWJgftiWL, 

[0 04 1] i?9xJi, Hi«j- 1 tt&^T, «SSffi i 
0±lc***iKl 2 4r»figLfcAS, jf-g-ttioTii, 
ttSSoit^X^CVDftfiaoTS i Nig* 

[0 0 4 2] £fc, tfiRtf, 2 It&^T, T« 

Si»SIS-iffe*S«»KftRl;*Lfc^, -toftb!) It, 
SftKoMt/JXvcVDffifCiiTS i Nig 

[0 0 4 3] IC, IliSM- 1 RTfUMm- 2 T-14. # 

l-*af**fc«5 5 0-8 0 0* CfflfBftT-0. 5-2 
0 B$M««l*!iH£fr 5 HffiSfcttffilt J: otgf B f«fi 


[0044] &5vmsx, #ffiH->y 
fcDtt, ^Biti-feaV^y axgSrcvDtt^TKfiS 
u g^-e, ^>i»5^sii->y =-vaits mryzj 

i-5 r t it i io , ^Blt^alK'^ y => ^m^fkt^. 

&A^*A^- : 4 0 k e V 

K-Xi: : lXlo'Vcm 2 

-i-ir^m : Si 

[0 0 4 5] Sit, y ^ ^«4>lt^ii*i©fi£* 

SltJ;?>j«£-fr3;:ifcT-£3„ MAtf, EI4© 

(A) IOTvf-J;5lt. V W|3 O&JMLfe 

f*, v-y ^w^^SrfiK-XSItT-fd-^aAt. 
»f*S>A>5#ifeifa->-y ^V13 0JiltUv>x h^x? 3 
2S:?fM+S„ -t LT, El4« (B) ItTF-f- J; •? It, U 
i>x Wx? 3 2t?*fllS)H-CV^V>#feft->y 
SriSK-XSItT^sl-XitAi-S. :waot, 
x h?x^T«£;ftTWi^#S; a V>y 
Wt1"5 (04© (C) #fig) „ tl©*«£g]4» 
(C) Til3 4T*^-f-„ ^LT, UVXhTAfV&m 
^hX^tz^Mi-yV 3^13 OSrSi tT, SffijSft 
felt J; "3 &&S>*s'J 3 ^TJs^ricS^jWf^WBi^rJBfSi" 
5„ foS^tt, H5tt^1-J;5lt, # a B a «->y=.yJ13 
0»±lty V:7'77^-a«£fflWTS7ttt-?^ 3 2 
£Jgfi£U M>Si»7 7.7 3 25rli>t, #£K-> 
!) 2 yg 3 0 Kiif-i'V Lt» 3 6 *» 

[0046] MOSS h7 yj/X # t LT, Sy^'- 

h aautiR i- a h a*as p a h 7 ^ yx ^ it 

I- n M h 7 > i^X ?*%*mrfr1rZ> Z. t ^T*# 5 „ 
*fc, W^li, ^++^W©±Tlt^-"- 
LtjfrlSXMO Si h 5 yv?x ?lt fc^lSW©^^ 

[0 0 4 7] 

«Bfl«^«ffi»R»«y7ffittj;tL 
saa-t-So mitiox, 4M»#«K*it7k*£#AT- 

#5. ff*T, ¥«ft*IKaffilt»tRS:»fiUi-5^i: 

^t-S-, La»fcM«ro#BSiii**y s-^TfoSfc 
^«f*«l»73^<07K*»BtSiS-«i*WltttSli-5,r 

t*ST-tSo *«ig»MOSSf-7^-^X^ro# 

s^feitinu, y-x • Kw^««roffitt<kr^- 


3\ L;4»Mtal*#tt^ft±U S^»ffl«ttSri«»5 


[Hi] «WT-ifflie&sJiBji-5fc&roh7Vv ; ^ 
[0 2] Sft«J-2»Ig£tWJ1-5fc»»h5>"v ; * 

?s?^-»«*W!S-aiifKia-efo5. 

[0 3] E2C3I#»£- j|J£^-2»xe*MfH-f5 
fc * n Y =7 s v? * ? * ^ (DSSiS /f - a Iffffi m T- fc 5 „ 


[H4] ¥m»»»mmi7fe<D-mmwt6tzib'n 

[H5] 04 tiiguro*»ff#«ro»J*#i!fc»-0 i J£B& 
BJ31-5fc*ro0T-fo5o 

l o ««S« 
l 2 ¥W*«SS 


1 6 


i] 




